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Introduction
Subepithelial tumors (SETs) of the upper gastrointestinal tract are mostly detected incidentally during upper gastrointestinal endoscopy with an estimated prevalence of 0.4 % [1] . They include broad differential diagnoses of benign as well as potentially and overtly malignant lesions. Endoscopic ultrasound (EUS) is the best imaging modality for further evaluation of SETs. However, it does not allow definite discrimination of benign from malignant lesions [2, 3] . As larger SETs (> 3 cm) should rather primarily be resected due to their higher malignant potential, the optimal approach to smaller lesions (≤ 3 cm) remains inconclusive [4] . On one hand, due to their lower malignant potential, surveillance of small SETs by periodic EUS examinations seems reasonable but might be a strain for many patients and still carries the risk of delayed diagnosis of potential malignancy. On the other hand, endoscopic or surgical resection of small lesions might be an overtreatment in case of truly benign findings. Thus, obtaining histopathologic diagnosis of small lesions by less invasive tissue sampling such as EUS-guided fine-needle aspiration (EUS-FNA) seems a reasonable approach. However, EUS-FNA of SETs might often be limited by insufficient amount and quality of specimen obtained [5] . Recently, a core biopsy needle with a reverse bevel has been developed to overcome such limitations [6] , but so far this needle has been rarely assessed for tissue sampling of SETs. Moreover, only limited data are available, which focused on EUS-guided tissue sampling on particular small SETs. Thus, we evaluated EUS-guided fine-needle biopsy (EUS-FNB) with a 22-gauge core biopsy needle of small SETs of the upper gastrointestinal tract.
Endoscopic ultrasound-guided tissue sampling of small subepithelial tumors of the upper gastrointestinal tract with a 22-gauge core biopsy needle
Patients and methods

Study population
In this prospective study consecutive patients who presented with suspected small SETs of the upper gastrointestinal tract were enrolled. To be included in the study patients had to be age ≥ 18 years and had to give written informed consent. SETs, which were defined as a circumscribed mass in continuity with the gastrointestinal wall located under the epithelial layer, were supposed to have maximum size of 3 cm and not to be classified truly benign (such as homogenous hyperechoic lipoma or homogenous anechoic cyst) as determined by EUS. Exclusion criteria were refusal to provide informed consent, pregnancy, and general contraindications for EUS-FNB such as platelet count under 50 000, prothrombin time under 50 % or double anti-platelet medication. The study protocol was approved by the local ethics committee and registered at ClinicalTrials.gov (Identifier: NCT01726010).
Study procedure
All procedures were performed with the patients under procedural sedation placed in the left lateral decubitus position. EUS were performed by one highly experienced endosonographer (S. D.) using a radial scanning echoendoscope (Pentax EG-3670URK, Hamburg, Germany). All lesions were characterized by size, suspected origin layer, and echotexture. Based on these findings a suspected prior EUS-FNB diagnosis was made. An additional linear array echoendoscope (Pentax EG-3870UTK, Hamburg, Germany) was used in case of EUS-FNB. EUS-FNB was carried out with a disposable 22-gauge core biopsy needle (EchoTip ProCore, Wilson-CookMedical, Winston-Salen, NA, USA): After endosonographically visualisation of the targeted lesion the needle was inserted into the tumor under endosonograhic guidance. Once the needle was within the lesion the stylet was removed and suction was applied using a 10-mL syringe while moving the needle back and forth within the lesion for at least 5 times. Finally suction was released and the needle was withdrawn from the lesion. After the procedure the patients were hospitalized for 1 night and monitored for possible postprocedural complications such as abdominal pain, infection, bleeding or other symptoms.
Cytohistological assessment
To produce a smear for cytologic evaluation a single drop of the aspirated material was transferred to glass slides by using the stylet and the rest of the material was placed in 50 % ethanol for further cell block processing by flushing the needle with Ringer's solution. For most of the procedures rapid on-site cytologic examination (ROSE) was carried out. In these cases the slides were stained with a quick panoptic stain (Hemacolor, Merck Millipore, Darmstadt, Germany) and assessed immediately under the microscope (Olympus CX31, Hamburg, Germany) by one experienced cytopathologist (G. W.) The procedure was terminated when the cytopathologist verified that an adequate sample could have been obtained. Otherwise the procedure was repeated with a maximum number of five needle passes.
If the cytopathologist was not present on site, 3 passes were routinely performed and the air-dried slides and cell block material were sent to the cytopathology department for further analyses. The obtained material was assessed for further morphologic (HE stained) and if feasible and indicated for immunhistochemical analysis. Primary antibodies used were CD117, CD-34, DOC-1, Desmin and S-100, Synaptophysin, Pancytokeratin and MIB-1. A peroxidase conjugate secondary antibody visualized primary antibody reactions.
Outcome measures
The primary outcome measure was the diagnostic yield of EUS-FNB defined as the proportion of patients in whom a definite tissue diagnosis could be obtained. In addition, technical feasibility and possible complications of the procedure, examinerʼs satisfaction with handling, and visualization of the needle (rated on a numeric rating scale from 1 -10) and number of core biopsies were assessed.
Statistical analysis
For quantitative data mean, standard deviation and ranges are presented. Qualitative data are expressed in absolute and relative frequencies. Microsoft Excel (Microsoft Cooperation, Redmond, WA, USA) was used for data handling.
Sample size estimation
In our study we estimated that EUS-FNB of small SETs would reach a diagnostic yield of 80 %. Thus we ended up with a sample size of n = 20 considering the following calculation: When the sample size is 20, a 2-sided 95 % confidence interval for a single proportion will extend 17.5 % from the observed proportion for an expected proportion of 80 %. In addition, a 1-group χ 2 test with a 0.05 2-sided significance level will have 80 % power to detect the difference between the Null hypothesis proportion of 50 % and the alternative proportion of 80 % when the sample size is 20. Sample size calculation was done by nQuery, version 7.0 (Statistical Solutions, Cork, Ireland).
Follow up
Follow up after EUS-FNB was carried out as follows: In case of suspected or potential malignancy (except metastasis), in case of non-diagnostic material and in case of symptoms endoscopic or surgical resection of the SET was recommended. In case of a benign tissue diagnosis or in case of metastasis no resection was recommended and EUS follow up after 6 months was carried out.
Results
During the study period between September 2012 and December 2014 50 patients with suspected SET ≤ 3 cm were screened for study eligibility. Twelve of these patients were excluded because EUS revealed impression on the outer gastric wall instead of a truly SET. Of the remaining 38 patients with EUS-proven SETs, 8 patients were excluded because EUS detected truly benign lesions (lipoma, n = 7; cyst, n = 1) and in 2 patients SETs were measured > 3 cm. Eight patients refused to participate in the study. Finally, 20 patients fulfilled all of the inclusion and none of the exclusion criteria (▶ Fig. 1 ).
The mean age of the 20 participants (female, n = 11; male, n = 9) was 58.4 ± 15.0 years (range 29 -78 years). The mean tumor size was 16.0 ± 5.0 mm (range: 10 -27 mm). SETs were located in the esophagus (n = 3), stomach (n = 14) and duodenum (n = 3), respectively. Nine tumors were supposed to have originated in the submucosa (third layer) and 11 in the muscularis propria (fourth layer). The characteristics of the 20 SETs are summarized in ▶ Table 1 .
The mean number of EUS-FNB passes were 2.6 ± 1.2 (range 1 -5). Neither technical failure nor complications were observed in any case. Examinerʼs satisfaction with handling and visualization of the needle was 6.5 ± 3.3 points (range 1 -10 points) and 6.5 ± 3.7 points (range 1 -10 points), respectively.
EUS Table 2 ).
Immunhistochemical staining was needed for a definite diagnosis in 7/15 (47 %) cases whereas in 8/15 (53 %) cases a definite diagnose could be made without immunhistochemistry.
There was no difference in diagnostic yield whether ROSE was available or not. However, a lower number of needle passages were needed with ROSE (2.3 ± 1.4) versus without ROSE (3,0 ± 0).
Follow up
Of the 15 patients with a definite tissue diagnosis 3 were followed up by resection due to suspected malignancy in 2 patients (GIST, n = 1; NET, n = 1) and due to symptoms in 1 patient with an esophageal leiomyoma. Ten patients with benign tissue diagnoses were followed up by EUS after 6 months, which showed constant size of the SETs in all 10 patients (n = 3: leiomyoma; n = 3: lipoma; n = 2: cyst; n = 1: ectopic pancreas; n = 1: IFP). Two patients with metastasis of squamous cell carcinoma were also followed up by EUS, which showed decreased size after radiotherapy in both cases.
Of the 5 non-diagnostic cases 2 patients underwent surgical resection, which showed a final diagnosis of GIST in both patients. The remaining 3 patients refused the recommended resection and EUS follow up after 6 months was performed instead, which showed constant size of the SETs in all cases (▶ Table 2).
Discussion
We conducted a prospective study, which evaluated EUS-guided tissue sampling of small SETs (< 3 cm) of the upper gastrointestinal tract using a 22-gauge core biopsy needle. A definite diagnosis could be performed in 75 % of patients.
Previous EUS-FNA-studies on SETs of the upper gastrointestinal tract of all sizes have found various diagnostic yields ranging from 38 % to 89 % [5, 7 -11]. It has been assumed that EUS-FNA with standard needles might often be limited by insufficient amount and quality of specimens obtained [5] . Thus, EUS-guided Trucut biopsy (EUS-TCB) has been developed to obtain better tissue specimens, but again, various diagnostic yields ranging from 55 % to 78 % have been reported [12 -15] . In 1 randomized crossover study EUS-TCB was not superior to EUS-FNA due to its high rate of technical failure in this setting [13] , whereas another study reported a superior diagnostic yield of a 19-gauge Trucut needle compared to a 22-gauge standard needle in gastric SETs > 2 cm [14] . However, particularly in small SETs EUS-TCB does not seem a good option due to the limitation of the rigidity of its 19-gauge caliber and difficult maneuverability. In our study a 22-gauge core biopsy needle was used, which might overcome limitations of EUS-FNA regarding tissue acquisition and of EUS-TCB regarding maneuverability [6] . In a recent comparative study Kim et al. found a significantly higher yield rate of obtained core biopsies of 75 % for the 22-gauge core biopsy needle compared to only 20 % for the standard 22-gauge FNA needle in 22 patients with gastric SETs ≥ 2 cm [16] . These findings were confirmed by Lee et al. who reported in a retrospective study on 77 patients with SETs > 2 cm a diagnostic yield of 82 % and core biopsy tissue in 97 % of these patients [17] . In our study evaluating small SETs we observed a comparable diagnostic yield of 75 %, but core biopsies could be obtained in substantially fewer patients (33 %). Most likely this can be explained by the average tumor size of only 16 mm in our study (compared to 32 mm and 28 mm in the former studies) as obtaining core biopsies is expected to be more difficult in smaller lesions. In addition, our study cohort comprised many patients with lesions other than mesenchymal GISTs or leiomyoma such as lipoma, ectopic pancreas or IFP, from which obtaining a core biopsy might be more difficult and 2 patients with cysts, in which core biopsies per se were not possible.
In our study only patients with small SETs (≤ 3 cm) were included. In our opinion EUS-guided tissue sampling seems not to be beneficial in most lesions > 3 cm due to their high potential for malignancy and the consequent need to recommend 
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surgery. Otherwise, the optimal approach to SETs ≤ 3 cm still remains inconclusive [4] . On the one hand their malignant potential is considered to be low, so that regularly performed endosonographic surveillance might be an option, particularly when < 2 cm in size [18] . Supporting this recommendation, Song et al. recently found no risk of progression for most incidental small SETs in the upper gastrointestinal tract in a large retrospective study [19] . On the other hand, surveillance strategies often require life-long follow-up adherence by patients, which has been reported to be very poor [20] and always carries the risk of delayed diagnosis of malignancy. Notably, even for small SETs, rapid growth and early metastasis to the liver have been de-▶ Original article scribed [21] . Moreover, EUS alone is mostly not able to reliably discriminate benign from malignant lesions regardless if they are located in the third or fourth layer, perhaps except from homogenous hyperechoic lipomas and homogenous anechoic cysts [2, 3, 22] . This was confirmed by the findings of our current study, in which the overall agreement of EUS-suspected and final tissue diagnosis (by FNB or resection) was only 53 % (in 9/17 cases) even including 2 cysts (which had been diagnosed by EUS as GIST and ectopic pancreas, respectively) and 2 lipomas (which had been diagnosed by EUS as GISTs). It is possible that advanced EUS imaging techniques such as contrastenhanced EUS or real-time elastography may be helpful for more accurate prediction in the future, but there has been not enough evidence yet to on which to definitely rely [23, 24] .
As shown in the current study, EUS-guided tissue sampling seems to be a good less-invasive option to obtain a definite diagnosis of small SETs, which was possible in the majority (75 %) of patients with a mean SET-diameter of 16 mm. Akahoshi et al., who also focused on small SETs (mean diameter 15 mm), found a comparable diagnostic rate of 73 %. But in contrast to our study, a 22-gauge standard FNA needle was used [25] . Larghi et al. also reported a sufficient diagnostic yield of 82 % in a subgroup of patients with small subepithelial lesions (mean diameter 14 mm) using a 19-gauge standard FNA needle and a special forward-viewing linear echoendoscope [26] . These findings and the low number of core biopsies obtained in our study raise the question of whether the core needle as used in our study is substantially superior to standard FNA needles in small SETs. In particular, the distance between the tip of the core needle and the end of the side port, which measures 6 mm in the 22-gauge version, might be a limitation for tissue sampling of very small lesions. Irrespective of the needle type small SETs are generally difficult to puncture due to bending of the wall and drifting of the SET during the puncture. To overcome such limitations a new technique of EUS-FNA using a forward-viewing echoendoscope with an attached cap device has been described recently, which may be even more successful in lesions < 10 mm [27] .
Alternatively, various minimal invasive surgical as well as endoscopic resection techniques have been described for obtaining a definitive tissue diagnosis of small SETs [28 -33] . These techniques may be particularly good options for malignant or potentially malignant lesions such as NETs or GISTs but are rather an overtreatment for truly benign lesions such as lipoma, ectopic pancreas, IFP or leiomyoma. Thus, prior less-invasive EUS-guided tissue sampling could help to better differentiate patients with suspected malignancy, who should then rather undertake complete resection of the tumor, from patients with truly benign lesions, who do not require further follow-up examinations. For example, in our study 11/20 patients (55 %) with truly benign lesions would not have needed further surveillance.
Our study was subject to some limitations. First, we used an observational study design without a control group. Thus, it cannot be concluded that the core needle as used in our study provides better results than a standard needle for obtaining a tissue diagnosis of small SETs. Second, although we used a needle that had been developed for a primary histologic work up [6] we relied on a combination of smear cytology and cell block analysis. Similar approaches have already been successfully used in previous studies [34, 35] . However, such an approach always requires a very experienced cytologist which has a significant impact on diagnostic accuracy. Thus, it has to be mentioned that in our study, the majority of tissue diagnoses were based on cytopathology and adequate histologic material (core biopsy specimens) was obtained in substantially fewer patients. Moreover, ROSE was used in the majority of cases, which also has been shown to have a positive impact on diagnostic yields [36] , but might not be generally available. Third, tissue diagnoses were confirmed by resection (which can be regarded as the gold standard) in the minority of cases, whereas the majority of patients only received EUS follow up after 6 months. Because we regarded resection as an overtreatment for truly benign lesions we did not encourage patients to undergo lesion removal in cases that were suspected to be benign after EUS-guided tissue sampling. Moreover, in 3 cases in which no adequate material by EUS-FNB was obtained, the final diagnosis remained obscure, because these patients refused resection and EUS follow up was carried out instead. Because of these limitations only diagnostic yields can be reported in our study and no exact information about accuracy, sensitivity or specificity can be given.
Conclusion
In conclusion, EUS-FNB of small SETs of the upper gastrointestinal tract using a 22-gauge core biopsy needle provides a definite tissue diagnosis in the majority of cases. However, EUS-FNB seems not to be substantially superior to standard EUS-FNA in this setting as most diagnoses are based on cytopathology whereas core biopsies cannot regularly be obtained.
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